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Introduction
Breeding phenology and the time between spawning
and hatching may be highly variable within and among
populations of amphibians (Thumm and Mahony 2002;
Ryan and Plague 2004) as a result of an assortment of
exogenous and endogenous factors (Reading 1998;
oseen and Wassersug 2002; grant et al. 2009). This
variability can make timing of population surveys chal-
lenging. 
Industrial development continues to increase in Al -
berta, particularly in association with oil and gas extrac-
tion, and may negatively affect wildlife unless proper
mitigation measures can be implemented. Permits for
industrial exploration and extraction often stipulate a
requirement for amphibian surveys before land devel-
opment if at-risk amphibians are predicted to inhabit the
area (Dr. David Prescott, species at Risk Biologist,
Al berta Environment and sustainable Resource Devel-
opment, personal communication, 29 March 2012).
However, for these surveys to be effective, they must
be carried out at a time and in a manner appropriate for
the species of interest. 
once widely distributed and abundant in North
America, the Northern Leopard Frog (Lithobates pip-
iens) disappeared from much of the western portion of
its range in the 1970s and 80s (Roberts 1981*; Leonard
et al. 1999), perhaps due to such factors as disease,
drought, competition by invasive species, and habitat
loss and fragmentation (CosEWIC 2009*). As a result,
the western boreal–prairie populations of Northern
Leopard Frogs are designated of “special concern” by
the Committee on the status of Endangered Wildlife in
Canada (CosEWIC 2009*) and “threatened” under
Alberta’s Wildlife Act (AEsRD 2012*).
We investigated predictors of spawning time and
embryo development rate of Northern Leopard Frogs,
such as temperature and time of year, as part of a larger
study of tadpole microhabitat selection and juvenile dis-
persal behaviour. Natural history observations of this
type may be useful for improving the probability of
detection by providing information regarding the timing
of the breeding period and the frequency of surveys
required to identify and protect important habitat.
Study Area
our study was conducted in and near Cypress Hills
Interprovincial Park (49°39'N, 110°01'W) which strad-
dles the border between Alberta and saskatchewan and
is just north of the sweetgrass Hills of Montana (Fig-
ure 1). The Alberta portion of the Cypress Hills is char-
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understanding breeding phenology is critical for establishing monitoring strategies, comprehending population dynamics,
and developing conservation actions for at-risk species, such as the Northern Leopard Frog (Lithobates pipiens). The timing
of spawning and hatching in the Northern Leopard Frog may be highly variable depending on regional environmental condi-
tions, which can make establishing the timing of surveys difficult. In spring 2006, eggs were laid over 30 days (24 April to
23 May) and hatching occurred over 2 weeks (14–28 May) at three neighbouring ponds in Cypress Hills, Alberta, Canada.
Although spawning occurred over a month, all eggs hatched within a 2-week period, indicating variable embryo development
rate. Among 26 egg masses, eggs laid later in the season developed approximately four times faster than those laid earlier,
and Akaike information criterion-ranked models suggested that both Julian date and water temperature were important predictors
of embryo development rate: later spawning date and warmer water were associated with faster rates. some egg masses survived
colder temperatures than previously reported for this species. Asynchronous breeding and variable development rates reveal
the need to conduct multiple surveys over the breeding season, even within a small geographic area, to document reliably the
presence of egg masses and identify breeding habitat. Identification of key breeding habitat is necessary to mitigate human-caused
disturbances of such regionally imperiled species. 
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acterized by grasslands and boreal forest. Elevation
ranges from 1370 m to 1465 m, and average annual
tem perature is lower than that of the surrounding grass-
land plains (greenlee 1981*). These environmental
conditions likely present challenges to the reproduc-
tive success of Northern Leopard Frogs.
In 2006, we drove along roads and flew over the
study area in a fixed-wing aircraft to identify potential
Northern Leopard Frog breeding ponds within a 25-km
radius of our main study pond (Pond 1, Figure 1). Al -
though other breeding ponds may have been present,
these four represented all known breeding ponds at the
time. 
Pond 1 was 0.1 ha in surface area and was surround-
ed by Populus spp. woodlands on the east, west, and
south sides; the north side had a relatively steeper slope
of mixed grass prairie (Fraser 2007). Ponds 2 and 3 had
surface areas of 0.17 ha and 0.04 ha, respectively, and
were also surrounded by mixed grass prairie and aspen
woodland. Pond 4 had a surface area of 0.24 ha and
was surrounded by mixed forest, mainly white spruce
(Picea glauca) on the west and north sides and dead-
fall on the south and east sides. 
Methods
Study organism
Adult Northern Leopard Frogs are medium-sized
frogs, 5–10 cm long from snout to vent (Hine et al.
1981*; Russell and Bauer 2000). Within a population,
breeding period ranges from a few days to a few weeks
(Wells 1977). In Alberta, spawning occurs over a short
interval between late April and early June (Russell and
Bauer 2000; Kendell 2002) at temperatures of 10–25°C,
although spawning may be prolonged if the temperature
drops below this range (Hine et al. 1981*; gilbert et
al. 1994; Kendell 2002*). Females deposit 600–7000
eggs in a single egg mass, which they attach to sub-
merged vegetation. Preferred water bodies are ephemer-
al or fishless permanent ponds or slow-moving back-
waters of streams and rivers in shallow water (AEsRD
2012*). The period from spawning to hatching may
last from 5 days to 3 weeks (Russell and Bauer 2000;
Werner et al. 2004) and metamorphosis typically occurs
between July and August in Alberta (Kendell 2002*). 
Observation techniques
Beginning approximately 30 minutes after sunset,
we listened for breeding calls of adult male Northern
Leopard Frogs for up to 20 minutes (AEsRD 2013*).
If calls were detected, we returned the following day to
confirm spawning. 
We conducted call and shoreline surveys from 25
April to 8 June 2006 and searched the shoreline of each
pond at least once every 2 days for new egg masses to
determine the duration of the breeding season and the
embryo development period (Merrell 1977*; Dorcas et
FIguRE 1. Locations of four Northern Leopard Frog (Lithobates pipiens) breeding ponds surveyed in 2006 in and near Cypress
Hills Interprovincial Park, Alberta, Canada (49°39'N, 110°01'W).
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al. 2010; Paton and Harris 2010). Individual egg mass-
es were identified by differences in either their size or
shape or the stage of development of the embryos (Mer-
rell 1977*). Their location along the shoreline was
marked with a flag to prevent counting an egg mass
twice (gilbert et al. 1994; Dougherty et al. 2005).
During each survey, egg masses were identified as
hatched or unhatched (egg mass intact). Hatching was
confirmed when newly hatched tadpoles were seen ag -
gregating around the egg mass, feeding on the remain-
ing jelly. 
For each egg mass, we measured its depth below the
water surface, distance to adjacent masses, and distance
from the shoreline using a metre stick. During shoreline
surveys, we measured the temperature of the water
within 10 cm of each egg mass using a Hanna pH pen
thermometer. We considered the breeding season com-
plete once male calling had ceased and no new egg
masses had been observed for at least 2 weeks. 
Statistical analysis
We ran a one-way ANoVA to determine whether
ponds differed with respect to water temperature when
egg masses were laid, followed by Tukey’s honest sig-
nificant difference (HsD) test. We assessed whether
residuals were normally distributed using a shapiro–
Wilk goodness-of-fit test (W > 0.93). We used Julian
date (JD) in our models to account for seasonal vari-
ation of environmental factors, such as photoperiod. 
To evaluate predictive factors related to embryo
development, we first performed an exploratory regres-
sion analysis of embryo development rate versus JD
and water temperature (WT). To further investigate the
relation of JD and WT to embryo development rate we
used restricted maximum likelihood mixed-model
regression (JMP, version 7, sAs Institute Inc., Cary,
North Carolina, usA). Pond was a random factor; all
other factors were fixed. We formulated a set of can-
didate models that all included pond alone, pond with
JD or WT, or pond with both JD and WT in an additive
model and with the interaction of JD and WT. Because
collinearity of predictor variables can yield unstable
parameter estimates and inflated standard errors (Quinn
and Keough 2002), we verified that JD and WT were
not highly correlated (r2 < 0.6) before we included them
together in a model (Royston and sauerbrei 2008). We
compared models using small-sample-size Akaike
information criterion (AICc) to select the “best” model
given a candidate set of models and considered models
to have equivalent support if ∆AICc was < 2 (Burnham
and Anderson 2004). We assessed the goodness-of-fit of
the global model using a shapiro–Wilk test (W > 0.90). 
Results
spawning occurred over 30 days at ponds 1–3,
begin ning on 24 April and ending 23 May (Figure 2).
FIguRE 2. Development period for Northern Leopard Frog (Lithobates pipiens) eggs at ponds 1, 2, and 3 in Cypress Hills
Interprovincial Park, Alberta (see Figure 1) in April and May 2006. Each column of black circles represents days
from spawning to hatching for one of the 26 egg masses observed. The shaded area represents the period during
which egg masses were present at all three ponds (10–17 May). 
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Although calling and spawning were confirmed at pond
4, we were unable to monitor egg masses because
pollen blanketed more than half of the water surface,
affecting our ability to observe them. Hatching occurred
at the three remaining ponds over 2 weeks, beginning
14 May with the last eggs hatching on 28 May. We ob -
served a total of 26 egg masses: 14 in pond 1, 7 in
pond 2, and 5 in pond 3. Egg masses were laid within
2–10 cm of the water surface, typically grouped togeth-
er in shallow areas within 2–3 m of the shoreline. All
monitored egg masses survived to hatching, but we
were unable to monitor the proportion of eggs that
hatched successfully.
The onset of spawning differed by only 3 days be -
tween ponds 1 and 2, but occurred approximately 2
weeks later at pond 3. The WT near each egg mass on
the day of spawning was significantly higher at pond 3
(17.4°C ± 1.9 [mean ± standard error], r2= 0.40, F2,25 =
7.62, P = 0.0029) than at ponds 1 and 2, but did not
differ between ponds 1 and 2 (9.1°C ± 1.6 and 9.1°C ±
1.1, respectively). At ponds 1 and 2, egg laying first
occurred on 24 and 27 April, respectively. up to five
egg masses were laid on the same day in ponds 1 and 2,
and the spawning period lasted for almost a month.
Egg masses were detected simultaneously at all three
ponds during only 1 week, 10–17 May. 
At the time eggs were laid WT ranged from 5.7°C to
25.8°C. At pond 1, WT dipped as low as 3°C during
egg development (27 April). Time from spawning to
hatching ranged from 5 to 20 days and decreased with
JD at laying (Figure 3). Eggs deposited at the beginning
of the breeding season (24 April) took about four times
as long to hatch as the last eggs laid (23 May). 
Although we found a strong, negative relation be -
tween embryonic development period and JD, the rela-
tion between that period and spawning temperature
was not as strong (Figure 4). The top model, with 93%
of the AICc weight, was an additive model that in -
cluded WT and JD (Table 1). No other models were
< 2 ∆AICc of the top model. 
FIguRE 3. Relation between development period and Julian date (24 April–28 May 2006) for 26 Northern Leopard Frog
(Lithobates pipiens) egg masses at ponds 1, 2, and 3 in Cypress Hills Interprovincial Park, Alberta (see Figure 1).
The numbers above each symbol represent the number of egg masses laid on that date. symbols for ponds at which
egg masses were laid on the same date have been slightly offset (r2 = 0.91). 
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Discussion
The onset of spawning was not synchronous in our
study area and varied by over 3 weeks among our ponds.
However, spawning was often synchronous within a
pond, with several egg masses laid on a single day. The
spawning period was also protracted, lasting up to 30
days at a single breeding pond (pond 1). The duration
of the breeding season and the embryonic development
period was consistent with other published reports
(Mer rell 1968; Wells 1977; Russell and Bauer 2000;
Werner et al. 2004). It is interesting to note that, where-
as spawning occurred over the course of a month, all
eggs hatched within a 2-week period with the first eggs
deposited taking almost four times as long to develop as
the last eggs laid. 
Eggs were laid at WT ranging from 5.7°C to 25.8°C,
which is consistent with known egg temperature tol-
erances for this species (Moore 1939, 1949). However,
our minimum spawning temperature was more than
2°C colder than that recorded for Northern Leopard
TABLE 1. Variation in development period of Northern Leopard Frog (Lithobates pipiens) eggs with Julian date (JD) and water
temperature (WT). The top model was selected using Akaike information criterion adjusted for small sample size (AICc). 
Model –2LL K AICc ∆AICc AICc weight
Embryo development period = Pond + JD + WT 102.59 5 115.59 0.00 0.93
Embryo development period = Pond + JD 111.24 4 121.14 5.55 0.06
Embryo development period = Pond + JD +WT + JD*WT 107.59 6 124.01 8.42 0.01
Embryo development period = Pond + WT 158.07 4 167.97 52.38 0.00
Embryo development period = Pond 164.85 3 171.95 56.36 0.00
Note: –2LL is –2*model log-likelihood, K is the number of parameters in the model. ∆AICc is the difference between the
AICc of each model and the top model. 
FIguRE 4. Relation between development period (24 April–28 May 2006) and spawning temperature for 26 Northern Leop-
ard Frog (Lithobates pipiens) egg masses at ponds 1, 2, and 3 in Cypress Hills Interprovincial Park, Alberta (see
Figure 1). Numbers above each symbol represent the number of egg masses laid at that water temperature. symbols
for ponds at which egg masses were laid at the same water temperature have been slightly offset (r2 = 0.32). 
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Frogs in Quebec, which do not spawn at WT below
8°C (gilbert et al. 1994). In addition, WT at one of our
ponds dropped to 3°C during the development period,
which is 2°C below the reported threshold for normal
embryonic development in this species (Moore 1949).
However, the temperature at the centre of an egg mass
can be up to 2°C warmer than the surrounding water
(Hassinger 1970). Although the four affected egg mass-
es survived to hatching, we were unable to evaluate
whether the embryos had developed normally.
The top model for embryonic development period
included both JD and WT as predictive variables, sug-
gesting that temperature alone is not sufficient to
explain differences in development period, which might
also be affected by seasonal differences in the region.
However, there was no evidence that the effect of tem-
perature on development changed over time (the inter-
active model was > 8 ∆AICc from the top model). Al -
though it has long been known that the development
of Northern Leopard Frogs is temperature dependant
(Atlas 1935; Moore 1939), clearly this is not the only
factor affecting embryo development period.
Conservation and Management Implications
Industrial development permits issued by regulators
often stipulate that developers determine whether at-
risk species, such as the Northern Leopard Frog, are
present and establish appropriate mitigation strategies
to reduce or eliminate negative impacts of their activ-
ities. often only single surveys are conducted to deter-
mine the presence or absence of at-risk amphibians
(Kendell 2003*). our results suggest that inappropri-
ately timed breeding surveys may fail to detect North-
ern Leopard Frogs and could, thus, limit the ability to
develop appropriate strategies to conserve this species. 
Even within our small study area, egg masses would
have been observed in all three ponds during only 1
week — a narrow timeframe for the completion of ef -
fective and comprehensive egg-mass surveys. Because
breeding phenology is likely to vary annually, region-
ally, and locally, we recommend that researchers adjust
the timing of their surveys so that they are relevant to
each specific site. To identify breeding ponds, multiple
breeding surveys separated in time should be conduct-
ed. The need to adjust the timing and number of sur-
veys necessary to identify breeding sites is not unique
to Northern Leopard Frogs (AEsRD 2013*). As such,
we recommend that breeding phenology be considered
when developing monitoring strategies or industrial
mitigation procedures for amphibians elsewhere. 
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